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(54) Apparatus and methods for completing a wellbore

(57} Appanatus and methods for complating a well-
bore are disciosed. Certain of the apparatus and meth-
ods use a first packing assembly (202), a sacond pack-
ing assembly (204), and a pressurizalion assambly
(206) disposed betwoen the first and second packing

- assemblies topiastically deform a iner (122) In a mdially

outward diroction via hydrautic prassure. Another meth-
od usas a iner (502) having & first section (604) and &
sacond section (506), and a packing assembly (600).
The first section (604) in deformabile in a radially outward
direction at a lower prosoure than the second aection
(606). The packingassembly (500) i used to plastically
delorm the firs! section (604) of the liner (602) in a radi-
ally outward direction via hydraulic pressure.
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Description

[0001] The prasent invention pertaing to the comple-
tion of welbores, and, more particularty, but not by way
of imitation, to improved apparatus and mathods for
completing 'atoml welibores in multilataral wells.
[0002] Harizontal weil drilfing and production have be-
comae Increasingly important 1o the od incdustry in recent
yaars, While horizonal wells have been known for many
years, only retatively racently hava such wells been de-
termined to be a cost-eflective altemative to convantion-
al vertical well drilfing. Although drilling a horzontal well
uaually costs more than Rs vertical countarpart, a hori-
zontal well frequently improves production by a factor of
five, tan, of aven twenty In naturallyfractured reser-
voire. Generally, projectsd productivity from a horizontal
welbore must triple that of a vertical wehbora for hori-
zontal dritling 1o be economical, This increased produc-
fion minimizes the number of plafforma, cutting invast-
ment, and operation costs. Horizomal driling makas
resarvoirs In urban amas, permafrost zones, and desp
oftshore walers more accessible. Other epplications for
horizontal wellbores include periphary wells, thin reser-
voirg that would require too many vertical wellbores, and
ressrvoirs with coning probloms In which a horizontal
walbore lowers the drawdown per foot of reservoir ex-
poeed 10 siow down coning problems.

[0003] Soma weltores contain multipls wellbores ex-
lending tateralty from the main weflbore. These addition-
at lateral wollboras are somastimes referred to as drain-
holas, and main wefibores contalning more than one lat-
eral wollbore are raferred to as multiatacal weils. Muli-
lateral weits allow an increase in the amourd and rate of
production by increasing the surface arsa of the well-
bore in contact with the reservoir. Thus, multilateral
wolls are becoming Increasingly important, both from
the standpoint of new drilling cperations and from the
reworking of existing welibores, including remedlal and
stimulation work.

{0004]  As a result of the foregoing increased depend-
ence on and importance of horizontal wells, horizontal
well complation, and particvlarly multiiateral well com-
plotion, have basn imponant concems and continue 10
provide a host of difficult problemna to overcome, Lateral
complotion, particulardy at the junction batween tha main
and Istora) wolbores, ls cxtramely important 1o avold
coflapse of the wollbore In unconsolidated or waakly
consolidated lormations. Thus, open hols complations
are limitad 1o competen! rock formations; and, even
then, open hole comptetions ara inadequatoe since there
is imied control or ability to sccess (or reentas the tal-
aral) or 1o isolats production zones within the wellbore.
Coupled with this need to complete ateral welibores is
the growing desire to maintain the lateral weibora size
as closa as possbile to the size of the primary verical
weollbora for nase of drilling, completion, and huture
workover.

{0005) The problom of fatera! weltbove (and particu-
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larly muttitateral weitbore} completion has been recog-
nized lor many years, &s reflected in the patent ftera-
{ure. For example, U.S. Patent. No. 4,807,704 disclosos
a gystem lor completing muttiple Iaterat wellbores using
a dual packer and a doflective guide member. U.S. Pat-
ent No. 2,797,893 disclosos a method for completing kat-
oral wells using a flaxible liner and daflecting tool. U.S.
Patont No. 2,397,070 similarly describea laterat well-
bora complalion using flexibla casing together with a
closure shield for closing oft the lateral. In U.S. Palont
No. 2,858,107, a removable whipstock asssmbly pro-
vides a means for locating (e.g. accessing) a latem! sub~
soquent to completion therecl. U.S. Patent Nos.
4,396,075; 4,415,205, 4,444 276; arvd 4,573,541 all ro-
late generally 10 methads and devices for muftilataral
complstions using a tempiata or tube guide head. Other
patonts of general intarsst in the field of horizontal weil
completion Inchxde U.S. Palent Nos. 2,452,920 and
4,402,551,

More recently, U.S. Patent Nos. 5.318.122
5,353,876; 5,388,648; and 5,520,252 have diaciosed
methexis and apparatus for sealing the juncture be-
tween a vertical well and one or more horizontal wells,
In addition, U.S. Patent No. 5,564,503 diaclosea sevoral
methads and systems for drilling and completing multi- |
latorat walls, Furthermore, U.S. Patent Nos, 5,566,783
and 5,613,559 baih discloss decentralizing, centrafiz-

-ing, locating, and orlonting apparatus and methods for

mutilateral woll drilling and complation.

[0007] Notwithstanding the above-described efforts
toward ocbiaining cost-eflective and workabla lateral woll
driling and completions, a neod stil exists for improvad
apparatus and methods for completing tateral well-
bores. Toward this end, thers also remains a need 1o
incraase the sconomy in tateral woithors completions,
such a3, for example, by minimizing the number of
downhole trips nacessary to drill and complote a lateral
wollbore. .

[0008] The invention relates to apparatus and moth-
ods for completing a wellbore. In one prefemred embod-
iment tho apparatus and mathods use a firs! packing ns-
sombly, a second packing assembly, and A pressuriza-
tion assambly disposed between [he first and second
packing essembiies o plasticatly deform a liner In & ra-
dially outward direction via hydraulic pressure. Ancthes
proforrod smbodimont uses a liner having a first section
and a second saction, and a packing assembly. Tha first
soction Is deformabie in a radially outward direction at
a lower pr than the d section. The packing
assambly is used io plastically delorm the first soction
of the liner in a mxdially cutward direction via hydmufic
pressure,

[0O009] One aspect of the present invention comprisos
a completion apparatus for coupling to a work siring and
for use within a liner of 2 wellbora. The completion ap-
paratus includes a first packing assambly for creating a
Nuid tight seal against a liner in a wellbore; a second
packing assembly lor creating a second fuid tight seal
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against the Ener; and a pressurization assembly dis-
posed batween the first and second packing assem-
biies. .

[0010] in encther aspect, the present invention com-
prises a method of completing a wellbore. A liner is dis-
posed in & welkbora. A first packing assombly, a pres-
surization assembly, and a second packing assembly
are couplad 10 a work string. The work string is run into
the Bnot. A fluld tight seal Is croated botwoon the first
packing assembly and the finer, and a fluid tight seal is
craated batween the second packing assembly and the
finer. Fluid ls pumped down the work string to the pres-
surization assembly. The pressurization assembly and

fruid are utilzed 0 pressurize an annulus dofined by the |

pressurization assembly, the finer,.the first packing as-
sambly, and the sacond packing asssmbly. The pros-
sure in the annulus is increased o as to doform the Iner
n a mdially outward direction.

[0011] !nalurther aspect, the present invention com-
prisea 8 method of completing a wellbore. A linor is pro-
vided having a first section and a second sacticn. The
first soction s delormable In a radially outward direction
&t a lower pressure than the sacond section. The finer
is disposed in a wellbore. A packing assembly ls coupled
to a8 work string, and the work string is run into the liner.
A fluid tight seal is created between the packing assem-
bly and the finer. Fiuid is pumped down the work etring
to pressuriza an interior of the liner afier the packing as-
sembly. The pressure in the interior of the liner is in-
craased =0 as 1o deform the first saction of the liner in
a mckally outward direction.

[0012] Relerenca is now made to the accompanying
drawings, in which:

F1Q. 1 is a schematic, cross-sactional view of a por-
tion of a mullliateral well including a junction be-
twoon the mah wellbors and a lateral wolbora;
FIG. 2 is a schematic, cross-sectional view of FIG.
1 showing n portion of the sealing operation per-
formed during complation of the lateral weilbere;
FIG. 3is an enlarged, schomatic, cross-sectional,
tragmeniary view of the junction ol FIG. 1 showing
a schomalic view of a first embodiment of an appa-
ratus for cornploting the Junction acconding 1 the
presont invention;

F1G. 4 is an entargod, schamatic, cross-sactional
view ol a finst embodiment ol a packing assembly
of the completion apparatus of FIG. 3;

F1G. 5 is an enlarged, schematic, cross-seciional,
view of a8 second embodiment of a packing assem-
bly of the complation appamtus of FIG, ;

F1G. 6 is an entargod, schematic, cross-sectional
view of a pressurization assembly of tha completion
apparatus of FIG, 3;

F1Q. 7 is an enlarged, schematic, top sectional view
of an altemative embodiment of a kateral lines used
n connection with the preseni invention;

FI1G. B is an enlarged, schematic, cross-sactional.

fragmentary view of the junction of FI1G. 1 showing
a schematic view of a sacond smbodiment of a
packing assembly and a finer for completing the
Junction according to the present iwention;

FIG. 9A Is an enlarged, schematic, cross-sactional,
tragmentary view & first ambodiment of the linar of
FiG. 8;

FIG. 98 is an enlarged, schemalic, croes-sactional,
fragmentary view of a second embodiment of the
liner of FIG. 8; and

FIG. 10 is an entarged, schematlc, fop sectionat
view of a sacond alternative smbodiment of 8 lateral
linar used in connection with the present invention.

[0013] The prefarred smbodimants of the present in-

vention and their advantages are best undersiood by re-
fotving to FIGS, 1-10 of the drawings, ke numerals be-
ing used for lika and corresponding parts of the various
drawings. In accordance with the present invention, var-
lous apparatus and mathods for completing iateral well-
bores in a mullilateral well are coecrbed. It will be ep-
prociated that the terms *main® or “primary” as usod
herein refer to a main well or wellbore, whether the main
well or welibore s substantially vertical, substantially
horizontal, or in between. it will also be appreciated that
the lamm "lateral™ as used herein reters to a daviation
well or wallbore from the main well or wellbore, or an-
cthar tatera) well or wellbora, whathar tha deviation is
substantially vertical, substantially horizontal, or in be-
tween. It will further ba appreciatad that the tarm “vertl-
cal® as used herain refers o a subsiantially vertical well
or weibors, and that the term *horizontal® as used here-
in rafers 1o a substantially horizontal well or weiidbore.
[0014] Inthe overall procoss of driling and completing
alateral wollbors in a multilateral weil, the following gen-
oral stepe are pedformed. First, the main welbore is
drilled, and the main welibore casing is instaliod and co-
monted into place. Once the desired location for a junc-
tion Is identified, a window is then created in.the main
wollorn casing using an orlentiation device, a mukilat-
oraf packer, a hollow whipstack, and a serles of mis.
Nox1, the lateral wekbore ie driied, and a $ner ie dis-
posed in the lateral wellbore and cemented into place.
A mill ia then used to cirill through any cement plug at
tha tap of tha hollow whipstock and any portion of the
lateral walbore liner sxtending into the main weflbors to
resstabiish a flult communicating bora through the main
welbore. Finally, In some lateral welibores, a window
bushing bs disposed within the main wellbore casing, the
hollow whipstock, and the mulilateral packer. The win-
dow bushing laciikates tho navigation of downhole tools
through the junction between the main weibore and the
tateral weibore.

[0015) The prasant invontion is retatod 1o & portion of
the above-doscribed process, namaly the complation of

the junciion between the main wellbors and a llem!.

welbore. However, 8s deacribed above, cerain other
stepsare performed before such a junction may be com-
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ploted. Refarring now 1o FIG. 1, an exemptary junction
100 betweon a main weBbore 102 and a lataral wellbore
104 is ilustrated. Main welbore 102 is drilled using con-
ventional techniques. A main woellbore casing 106 is in-
stalled in main welbore 102, and coment 108 is dis-
posed between main wollbore 102 and main welbore
casing 106, using conventional techniques.

{0016) A shoarable work siring having a window bush-
Ing locating profile 110, an orlentation nipple 112, a muk-
tilatern) packer assembly 114, a hollow whipstock 118,
and a starter mili piiot lug (not shown) i run into main
wollbore casing 106, Cartain portions of such a work
string ars more fully disclosed In U.S. Patent Nos.
5,613,559; 5,566,763; and 5,501,281, The work string
ls located at tha proper depth and odentation wihin main
wellbore casing 108 using corwentional pipe tally and/
of pirTyna ray surveys for dapth and measursment whils
drilling (MWD) orlentation for azimuth. Packsr assembly
114 Ia set against main welbore casing 106 using slips,
packing slements, and conventional hydraulic, mechan-
ical, or hydraulic and machanica! seiting lachniques.
[0017] Using techniques more complatoly doscrbed
in the above-reforenced U.S. Patent Nos. 5,613,559,
5,566,763, and 5,501,281, whipstock 118 s used to
guide work strings supporting a variety of tools and
equipment to drill and complste lataral woll boro 104.
First, & saries of mills, such as a etarter miil, a window
mill, and a watermelon mill are used to create a window
120 in main welbore casing 106. Next, a drilling motor
is usad to dnilt tateral welbore 104 from window 120, A
Isteral wollbora linor 122 is then disposad within lateral
welibore 104, and sealant 124 is disposed between lat-
oral welibore 104 and liner. 122,

(0018} More specifically regarding the etops of dis-
posing and sealing finer 122, liner 122 proforably has a
genemily cyindrical axdal bore and a generally cyfindr-
cal extemal surface. Liner 122 is proferably made from
steel, stes alloys, plasiic, or other materials convention-
ally usad for lateral liners. A work string 128 having a
linor hanger 130, wiper plugs 132 and 133, and liner 122
is run down maln welibore casing 106 untll liner 122 is
deftectad by hollow whipstock 118. This deftection caus-
o8 linar 122 to be disposed in lateral welibore 104 and
function 100. Linas hanger 130 and wiper plugs 132 and
133 remain disposed above window 120. Liner hanger
130 is then s&t against main wellbore casing 106 uaing
conventional lechniques.

[0018] Rolerringto FIGS. 1and 2, cementing of tateral
wellbors 104 may be accomplished by aithar ons or two-
slage cementing depending on the length of wellbore
104, Typically, the length of lateral wolbore $04 is such
that two stage comenting is preferred. In a two-stage
camenting operation, liner 122 is equipped with a siage
cementingtool 138. Stage cementing ool 138 is initially
in a first position that altows fluid communication within
Iiner 122 pasi tool 138, but does not allow fluid commu-
nication from finer 122 into the annulus between liner
122 and fateral walbore 104, A first stage of coment

124a is pumped down trill slring 128 and out a lower
ond 135 of finer 122. First stage of comont 1244 ls prol-
arably a conventional comont or conventional hardena-
ble resin. Next, a conventional wipar dart (not shown) is
pumped down drill string 120 to kand at wiper plugs 132
and 133. After landing, applied prassure roloases wiper
piug 132 and allows it 1o be pumped down 10, and seal
off, lowar end 136 of linar 122. This ciaplacement of wip-
ar plug 132 causes first stage of coment 124a to flow

.throughout the annulus between iner 122 and lateral

wolbora 104 up to stage comaenting ool 138, An In-
creass in prossuro may be cbearved lop hole by con-
ventional pressure measuring devices upon the landing
ol wiper plug 132 in lower end 138.

[0020] Continved application of prassure moves
siage cementing tool 138 10 a second position that pre-
vents Ruid communication within finer 122 past stage ce-
menting ool 138, but allows fluid communication from
finer 122 into the annulus betwean Bner 122 and lateral
walbore 104. A sscond stage of ssalant 124b Is then
pumped down drill string 128 and info ner 122. Next, 8
second wiper dart (not shown) is pumped down drill
string 128 to tand at wiper plug 133. After landing, ap-
plled pressure relaases wiper plug 133 and aflows it to
be pumped down to, andt seal off, iner 122 at stage ce-
menting tool 138. This displacement of wiper plug 133
causos second stage of sealant 124b 1o flow through
stage comonting tocl 138 and into the annulus betwean
tateral wellbore 104, main welibora casing 105, and liner
122 up to a top portion 134 of linor 122, positioning saal-
ant 124b throughout junction 100. Once wiper plug 133
lands &t stage camenting tool 138, continued application
of prassure moves stage comenting tool 138 10 a third
posiion, preventing furthar circulation or backflow of
ssalant 124b. -

[0021] Sealant 124b is prefembly a specialized mul-
tilaterad junction comentitious saalant, or a speclalized
multilateral junction elas! ric sealant. A preferred ox-
amplo of such & comentitious sealant s M-SEALO soid
by Hattiburton Energy Services of Carroliton, Toxns.
Such cementitious sealants are characterizod by rola-
tively low ductility and high compressive strength, 83
compared 1o such alastomeric sealants. A preferred ex-
amplo of such an olastomenc esatant ls FLEX-CEMO
scld by Halliburton Energy Sarvices of Carroliton, Tex-
as. Such elastomaric sealants are characterized by rel-
atively high ductility and low compressive strength, as
compared 0 such comentitious ssalants. Asmatively,
conventional cement or a conventicnathardenable resin
may be used as second stage soalant 124b.

[0022] Relemingnow toFIG. 3, an entarged, schemat-
ke, cross-sectional, view of a complation apparatus 200
according loa firsy, preferredembodiment of the prasent
invention is shown disposed within junction 100. Com-
pletion apparatus 200 preferably comprises a hotiow
mandret having alower packing assambly 202, an upper
packing assembly 204, and a pressurization assembly
206, Complalion apparatus 200 Is prelerably coupled 1o
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work string 128 above a supporting mandred 140 for wip-
or plugs 132 and 133, and lowesr packing assambly 202,
uppot packing assambly 204, and pressurization as-
sombily 206 are pralerably coupled 1o each other by ool
joinis or other conventional means (not shown). Al-
though not shown in FIGS. 1 and 2 for clarity of Hustra-
tion, liner 122 is preterably formed with a no-go shouider
142 endt an annular polished bore recepiacle 144 below
no-go shoulder 142,

[0023] As shown in FIGS. 3 and &, lower packing 8-
sambly 202 prelerably includes a seal mbly 208,
and a no-go sleave 207 tor mating with no-go shoukder
142 of finer 122. Seal assembly 205 preferably compris-
os a plurniity of annutar sealing elements 208, such as
comventional o-rings or packing devices, and an annular
spacer mamber 210, both of which are dispossd within
an annular racess 212 on the axtemalt surface of lower
packing assembly 202. Saaling eloments 208 frictionally
ongage pofished bore receptacie 144, which is located
on the inner diametor of finer 122 and generally swr-
rounds annular recess 212. Polished bore recaptacie
144 cooperates wih annular sealing elements 208 to
creato a fuid-light seal.

[0024] Altemativély, a3 shown in F1GS. 3 and 5, lower
packing assembly 202 may comprise a conventional
packar 220 having stips 222, packing slements 224, and
actuating means 226, Packer 220 may be hydrauticaby,
mochanically, or hydmulicafly and mechanically sal via
aciuating means 226 so that packing elermonts 224 cre-
ate a fluid tight ooaf against iner 122. As shown in FiG.
5, when conventional packer 220 is used lor lower pack-
ing assembly 202, finer 122 may be formed without no-
o shouider 142, ¥ desivred.

[0025] LUipper packing assembly 204 proferably has a
substantinlly similar structure 1o fower packing assem-
by 202, If seal assambly 205 Is utilzedfor lower packing
assombly 202, uppor packing assombly 204 prafarably
utilizes & similar seal assombly that matoa with a pol-
Ished bore receplacle kucated on the inner diameter of
liner 122 below kner hanger 130. H packer 220 Is used

o for lower packing assembly 202, upper packing ssem-

bly 204 proferably utilizes a similar packer designed to
operats within the inner diametar of finer 122 proximate
finer hanger 130. Howovor, &s shown in FIG. 3, upper
packing assembly 204 doas not require a no-go sleava.
[0026] Refairing now to FIGS. 3 and 6, an snlarged,
schematlc, cross-soctional view of pressurization as-
sembly 206 is illustrated. Preesurization assombly 208
pretarably comprises an a lower sub 250, an upper sub
252 removably couplad (o lower sub 250, and a sealing
sUb 254 dispased within lower sub 250.

{0027] Lower sub 250 proferably inchuxies intemally
thraaded ports 256a and 256b that provide a fluid com-
municating path batween an axial bore 258 of lower sub
250 and an annuius 148 (FIG. 3) defined by an extomnal
surface 260 of pressurization assembly 206, an intemal
surtace of Bnor 122, lower packing assembly 202, and
uppor packing assembly 204. Conventional rupture

10
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disks 262a and 2620 are preforably removably con-
tained in ports 256a and 256b, respoactively. When con-
tained in ports 256a and 256b, rupture disks 262a and
262bcreate aNuid light seal betwooen tha intarior of pres-
surization assembly 206 and annutus 148. A proferred
rupture disk for rupture disks 262a and 2620 Is the disk
soid by Oklahoma Satety. Equipment Company (OS-
ECO) of Brokan Arrow, Oklahoma.

[0028] ARthough not shown In FIG. 6, other conven-
tionat fluid bypass devices other than a rupture disk,
such as a baf drop circulating vaive, an iniamal pros-
sure oporated circulating vaive, or other conventional
circulating vaive may be operatively coupled with ports
256a and 256b. A prolerred imtemnal prossiue oporated
circulating vaive is the IPO Clrcutating Valve sokd by Hat-
liburton Energy Services ol Cancilton, Texas. All of
these fluld bypass devices, including rupture disks 262a
and 2625, have a first mods of operation thal doos not
allow fiuid to flow through ports 256a and 256b inlo an-
nutus 145, and a second mode of operation that allows
fluid to flow through ports 258a and 2560 Into annulus
146.

[0029] Lower sub 250 also preforably includes ports
264a and 264b. Each of ports 264a and 2640 provide a
fluid communicating path between the interior of pros-
surization assembly 206 and annulus 146. Axial bore
258 preferably has en annular shoulder 265 and threads
267 disposed above porls 264a and 264b.

[0030) Seeling sub 254 preferably includes an annu-
tar supporting mamber 265 and an annular, elastomeric
sloove 268 coupled to a lower end of supporting mem-
ber 266. Sleave 268 ls preforably adhesively couplad to
suppoxting member 268 along a portion 270 and shoul-
dor 272 of support member 265. When coupled togeth-
o, supporting member 268 and slesve 268 dofine an

.- axial bore 274 and an extemal surface 276. External

© surtace 276 has an annular recess 278 proximate ponts

284a and 264b; a shoulder 260 for mating with shoukder
265 of lower sub 250, and an annulas siot 282 above

- annular recess 278, An o-ring 284 Is diaposad in slot -

282 and creates a flukd tight seal betwoan seafing sub -
254 and lowor sub 250. In its unciefiectsd position, as -
shown in FIG. 6, a ower end 268 of sloova 268 creatas
afluidtight seal against axial bore 256 of lower sub 250.
[0031]  Upper sub 252 preferbly includes an axial
bore 288, Bn stemal suriace 290, and a lower end 292,
Extenal surface 290 proferably inciudes an anmstar
shouldor 204 for mating with lower sub 250, an annular
glol 206, and threads. 298 for removebly engaging
throads 267 of lower sub 250, An o-ring 300 ie disposed
within annular slot 266 to croate a fluld tight seal be-
tweon lower sub 250 and upper sub 252, Lower ond 292
abuts support member 268 of saaling sub 254,

200 50 a3 to compilote junction. 100 will now bo dascrbed
in graalers detall. Rofeiring 1o FIGS. 1-8 in combination,
after wiper plug 133 is landed at, and soals ofl, stage
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comenting Yool 138, work string 128 Is pulled abova top
portion 134 of liner 122. Excess sealant within work
slring 128 and above top portion 134 of linor 122 isthen
circutated out of tho wefl.

[0033] Nexd, work string 128 Is run into liner 122 unti
no-go sleeve 207 of lower packing assembly 202 con-
lactano—goﬂnﬂdal142dﬂner122.mmhpohl.a
fluid tight seal is craatad betwoon seal assembly 205 of
lower packing assembly 202 and polished bore recep-
tacle 144 of kner 122. Altematively, ¥ packer 220 is uii-
lized as lower packing assembly 202, packer 220 is sel
1o create a fluid tight seal against liner 122. Also al this
point, afluid light seal is created between upper packing
mbymwwlahamouubﬂamhw
simllar Lo that dascribed immediately above for Towor
packing assembily 202. Noqomoulderuzdlim 122
hpodﬂonedwmhu«uwﬂboro1o4wmm
packing assombly 202 s located below window 120,
and so thal upper packing assembly 204 ls located
above window 120, within junction 100.

[0034) When lowsr packing assombly 202 and upper
paciing assembly 204 uso seal assemblies 205, the
presaure on the driliing mud, water, or cther flud already
within annulus 146 will incroase as lower packing as-
ssmbly 202 and upper packing assombly 204 seal
against liner 122. Before no-go sleove 207 engages no-
go shouldar 142, euch an increass in pressurs, applied
across the differential areas of lower packing assembly
202 and upper packing assembly 204, may causo a hy-
dravlic lock effect preventing fusther insertion of work
siring 128 Into liner 122. In.addRion, when lower packing
assembly 202 and upper packing assembly 204 use
conventional packara 220, a similar hydraulic lock aftect

may craate problems for conventional packers 220 thet

ompioy & downward sstting motion.

[0035] However, such an increass in pressure ia re-
Hieved by sealing sub 254 of pressurization assombly
206 in the following manner, Dus to the Increase in pras-
sura, Nuid enters ports 264a and 264b to the point whero
it fills-annuiar recess 278. The pressure in annular re-
cass 278 bulkts 10 the point where lower end 266 of elas-
tomeric sleave 268 temporarily deflects inwardly, un-
ssaiing from axial bore 258 of lowsr sub 250, Such un-
soaling aliows id to flow from annular recess 278 inlo
the interlor of pressurization assembly 208, raducing the
pressurs in annutua 146 and sliminating the above-de-
scribed hydraulic lock problems.

[ )] Next, & fiuid tight ssal is croated proximatoe the
end of work string 128 below lower packing assembly
202. Such a fluid tight 884l ls preferably formed using a
wiro-fine piug, by pumping a plug down work string 128,

ot cthor conventionaltechniquen. A prelerted plugis the |

X-LockO Piug sold by Haliburton Energy Services of
Camollion, Texas.

[003T] Next, a fluld such as walor or drilling mud is
pumped down work siring 128. Dus tothe fluid tight seal
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created by tha piug al the end work string 128, the pres-

suro within pressurization assembly 206 Is increased o

the point where rupture disks 262a and 262t rupture,
The rupturing of rupture disks 262a and 262b places the
nterior of pressurization assembly 206 In Aluid comamnu-
nication with annulus 148 via ports 256a and 256b. A-
tomatively, if a fluld bypass device other than ruplure
disks are utifized, such pressurization causes the fluid
bypasa device to enter its second mode of aperation that
allows fluid to Nlow through ports 256a and 256b 10 an-
nulus 145.

[0038] Next, the prossura within work etring 128, and
thus annulus 146, Is preferably continuously and grac-

_ually increased 80 as 1o piastically deform the portion of
‘hulmbemmbwmpaCMgassmzozmup-

porpaclw\gmemblym‘md‘anyunmdmdm
dow 120, main welbore casing 106, and lataral welbore
104, It will be approciated that if 8 comentiticus sealant
or conventional cement is used for sealant 124 proxi-
mate junction 100, such deformation of liner 122 must
occur before the cementhious saalant or cement hard-
ans, However, Il an stastomeric sealant is used lor seat-
ant 124 proxdmatae junction 100, such deformation may
occur befora, or after, the alastomeric sealant hardens
due to the ductility of the seatant.
[0626] Such deformation of liner 122 providas elgnil-
icant advantages ln tha complation of junction 100. First,
as linor 122 Is deformad radlally outward, ssalort 124
In the povtion of the annuius between liner 122, main
walbore casing 106, and lateral welbors 104 within
juncilon 100 is placed i compression. Such compros-
sion provides a higher pressure rating for junction 100
d.lmgcubuquafﬂmpledmorpwdwlmopum
in the multilatera) well
Second, bacause window 120 is defined by the
intersection of cylindrical main welibors casing 106 and
gonorally cyfindrical latora! wolbore 104, window 120
m;mmuwuwmmammw
pamllellothehmhudhalaxhdmahwaﬂbora
cashgws Therolore, the outward dsformation of liner
122 works to closa the joints o gaps between liner 122
and window 120 present at the top and bottomn of win-
dow 120. Such joint closure in tum minimizes lsak paths,
and thus leaks, within junction 100. In situations whero
the outward deformation of inar 122 may result nmatal
10 meta) contact of liner 122 and window 120, it is prel-
orabla to use a relnforced liner 122 to insura thal any
hgﬂsdasharpedgoamwhbw‘-mdondplemlh«

.Y,

f0041]  Third, the outward deformation of iner 122 in-
croases tha inner diameder of Bner 122. This Increaso in
merdianm.rmunannlargoﬂbwpammpauolewn
trom lateral walibore 104, increasing the productivity of
the woll. This increase in inner diamotor also results in
a larger clearance for downhole tools 1o enter and exit
tatera! welibore 104 during subsequent completion of
production operations.

(0042] 1t will be appreciatod that after liner 122 has
beon daformed radially outward via hydraulic pressure
a3 dascribed harsinabove, a second work siring with a
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sizing mancret may optionally be run down main well-
bore casing 106 and through junction 100 1o insure ad-
oquate defomation of finer 122.

[0043] Relerring nowto FIG. 7, an enlarped, schamat-
ic, top sectional viow of an altermate latoral liner 1222
that may be used in connaction with completion appa-
ratus 200 is ifustrated. Lateral liner 122a is formed with
a grooved intemal surface S00 and a grooved extemal
surface 502. Liner 122athus praferably has a cross-60c-
tion 504 resembling a bellows. The geometry of grooved
suriaces 500 and 502 Iacilitate the outward deformation
of liner 122a at Sower preasurea. A lower preesure ra-
quirement for the cutward deformation of finer 122a In
tum reduces the risk of fallure of the seals created by
lower packing assembly 202 and upper packing assem-
bly 204, In adkdttion, as compared o a lner with a gon-
erally cylindrical cross-saction, iner 122a provides a
targer, expanded outer diameter from a smallor, unde-
formed, run in outer diameter. As shown in FIG. 7,
grooved surfaces 500 and 502 preferably comprise
grooves having a *sinusoidal” cross-seciion. However,
grooved susiaces 500 and 502 may allamatively com-
prise grooves having.a “saw tooth”, *square tooth”, or
other cross-eactional geometry. In addition, preferably
only the portion ol linar 122a botween kwer packing as-
sambly 202 and upper packing assombly 204 is formad
with grooved extemal surface 502, and the remaindor

0

606 preterably has a gonerally cylindrical axial bore 614
a genenlly cylindrical extornal surface 616. Howover,
upper section 604 has a wall thickness 618 smaller than
a wall thicknass 620 of lower section 606,

[0047]  As ehown in FIG. 98, upper section 604a pref-
orably has a geneally cylindsical axial bore 610a2nd a
generally cylindricat extemal surlace 612a. Lower sec-
tion 606a has a generaly cylindrical axial bore €14a a
generally cyfindricat extemal surfoce 616a. Uppor soc-
tion 604a has m wall thickness 618a substantially iden-
tical to a wall thicknsss 620a of lower section 606a.
Howaver, uppar section 604a and lower ssction 606a
are made from difterent materials or casing grades.

. More spocifically, uppor saction 604a is made from a

14

of fner 1223 s formed with a generally cylindrical exter- -

nal surface.

[0044] Retarring now to FIG. 8, an enlarged, schemal-
ic, cross-goctional, view of a packing assembly 600 and
a liner 602 eccording 1o a second, prefarred embodi-
ment of the present invention are shown disposad within

* junction 100, Packing asseembly 600 le praferably cou-

pled 1o work siring 128 sbove supporting mandred 140,
and packing assembly 00 preferably has a substantlal-
ly identical structure to upper packing assembly 204 of
completion apparalus 200. Liner 602 ia proferably com-
prised of an upper saction 604, a lower saction 606, and
a tool join! or other conventional coupling mechanism
608 coupling upper saction 604 and lowor soction 606.

Altematively, Ener 602 can be machined to have upper’

saction 604 and lower section 506, without the need lor .

a coupling mechanism 608.

[0045] i soal assombly 205 Is utilized for packing as-
sombly 600, finer 602 proforably inctudas a polished
bore receptacie 610 located on the inner dlameter of fin-

or 502 bolow liner hanger 130, If packer 220 is usedfor |

packing assembly 600, polished bore receptacls 610
may be eliminated, i desired.

[0048] As shown In FI3. SA, upper section 604 and
lower soction 606 ara made from the same malerial or
casing grade. By way of ltustration only, both upper sac-
tion 604 and lowoer saction 606 may be made of casing
grade AP N-80, which has a yield strongth of approxi-
mataly B0,000 psi (552 MPa). Uppor saction 604 pref-
arably has a generally cylindrical exial bore 510 and a
generally cylindrical external surface 612. Lower section

material or casing grade having a lower ylald strength
than the material or casing grade of kower section 606a
By way of lilustration only, upper saclion 604a may be
made (rom casing grade APt K 55, which has a yield
strength of approximately 55,000 pei (378 MPa), and
lower saction 606a may bo made of casing grade APl
N-80, which has a yield strength ol approximalely
80,000 psi {552 MPa).

[0043] in FIG. 9A, upper soction 604 may also be

" made from a casing grade having a lower yield strength

that the casing grade used 1o make lower saction 608,
Although not shown in FIG. 9B, upper soction 604a may
ako be formad with a smaller wall thickness 618a than
wall thicknoss 620a of lower saection 606a.

[0049] 1t is believed that by varying the wail thickness
and/or casing grade of upper section 604 relative o the
wall thickness ancior casing grada of lower section 608,
as descrbed hareinabove, the design of liner 602 may
be oplimized so that for a given Intomal prossurs, upper

" saction 604 plastically defonms in a tadiatly outward di-

rection, and lower section 606 doos nol exhibk substan-
tial madial deformetion.
[0050] Having describad the structure of packing as-

. sembly 600 and kner 502, the oparation of thess appa-

ratus 30 as 1o complets funclion 100 will now bo de-
scrided In groater detall Reforingto FIGS. 1,2, 4.5, 8,

" 9A, and 98 In combination, aftar wiper plug 13313 land-

ad at, and seals off, stage cementing tool 138, work
aling 128 is pulied sbove iop portion 134 of liner 502.
Excoss soalant within work string 128 and above lop
portion 134 of liner 602 s then circutated out of the woll.
[0051] Next, work siring 128 ls run into liner 602 untit
saal assembly 205 of packing assombly 600 creates a
flukd tight seal against poiished bora receptacie 810 of
linsr 602. An increase in prassurs may be obsaivad top
hole by conventional presswe moasuring devices when
seal assembly 205 Is propary seated against polished
bore receptacle §10. Altemnatively, f packer 220 is wti-
fizect o packing assambly 600, packer 220 is set to cre-
sloa fluid tight ses! against tiner 802 below finer hangor
130. .

f0052) Naxt, a fluid such as wator or crilling mud Is
pumpad down work string 128. Due to the fluid tight seal
craaled by packing assembly 500 against iner 602, fluid
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eventually fiis il of linor 602 below packing assambly
600 down 1o wiper plug 133 sealod in siage cementing
took 138, The pressure within work string 128, and thus
linar 602, ls proterably continuously and gradually in-
creased 50 as to plastically deform upper caction 604
radially outward toward window 120, the portion of main
wellbore casing 106 proximate window 120, and the por-
tion of laterml wollbore 104 proximate window 120, As
the deformation of upper saction 604 occurs, lower sac-
tlon 608 preferably does not exhibit substantial radiaf
deformation.

[0053) Such deformation of upper section 604 pro-
vides substantially the same, significant acdvantages In
the completion of junction 100 as dascribed hersin-
abave for completion apparatus 200. In addition, upper
soction 804 may be formed with an sxtomal surface 612
similar to grooved exiernal surface 502 of FIQ. 7, if de-
sired. .

[0054] Raferring now to FIG. 10, an enlarged, sche-
matic, top sectional view of an atemate lateral Hiner 700
that may be used in connection with completion eppa-
ratus 200, or In the upper saction €04 of Tiner 602, Is
illustrated. Liner 700 has an interior cross-saction 702
mada from steel, steol alicys, plastic, or othor generally
non-elastomeric malerials conventionally used for later-
al linors. Inlarior cross-saction 702 has an axia! bore
704. Linor 700 further has an extarior cross-seciion 706
mada from rubber or another corvontional elastomeric
material. Whan liner 700 is surrounded by saaiant 124
and plastically deformed as deacribad hereinabove, ex-
torior crosa-soction 706 nsuras an adequats seal of
Junction 100, Altematively, fines 700 may be plastically
delormed as describad hersinabove but without the use
of sealant 124 In certain completions. In such comple-
lions, sxisrior cross-section 706 Reell soals gains! win-
dow 120, main welbore casing 106, and lateral welibore
104,

{0055) From the above, one skilied in the an will ap-
praciata that the present invention provides improved
appamius and msthods for completing welfbores. The
prasent invention provides such improved completion
without inhibiting tha amaunt or rate of well prockxction,
o subetantially increasing the cost or complexity of the
completion of the wellbore, Significantly, the present in-
vention alows the operations of running a letaral finar,
ssaiing a tateral linor, and plastically deforming a lateral
liner 4 be accomplished in & tingle downhale trip. The
apparstus and methods of the presord nvention are
sconomical lo manutacture and usa in a varfety of down-
hols applications.

{0056] The present invention [s illustrated horoln by
exampile, and various modifications may be made by a
person of ordinary akill in the an. For exampla, numar-
ous geomalrios and/or refative dimensions could be al-
tored to accommodate speclfic applications of the
present invontion. As another exampla, although the
presont nvention has been described in connaction with
the completion of a junction bety 1 & main welbore
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and a lateral weibore in a multitateral well, # is fully ap-
plicabls to the compleation of a junction between a lataral
walbore and a second Lateral wellbore extanding from
the lateral welibore, 1o completion operations parformed
in other portions of a kateral wellbore other than such a
junction, to complation operations perdormed in othor
portions of a main walbore, to ¢asing repalr operations,
of o window closures.

[0057] i Is thus bafleved thal the operalion and con-
struction of the present invention will be apparent from
the foragoing deseription, While the mathod and appa-
ratus shown of dascriboed has boen characterized as be-
ing preferred it will be cbvicus that various changos and
modifiications may be made.

Claims

1. Acompletion appamtusfor coupling 10 & work string
{128) and for use within a liner (122) of a wellbore,
comprising: 8 first packing assembly (202) for cre-
ating a fiuid tight seal against the finer {122); a sec-
ond packing asaambly (204) for creating a second
fluld tight seal against the lnar (122); and a pres-
surization assembly (206) cisposed betwoon the
first and second packing assombilos (202,204).

2. A complelion apparatus according to claim 1,
wheroin the pressurization assembly (206) com-
prises a port (256a,256b) opening to an annufus
(148) definad by thas pressuization assembly (206),
the finer {122), the first packing assambly (202), and
the socond packing assembly (204).

3. A completion apparatus accorcing $o claim 2, fur-
ther comprising a fluid bypass devics opamtively
coupled with the port (258a,256b) for not allowing
fiuid communication with the annutus {(148) in a firet
mode of operation, and for allowing hydraulks pres-
surization of the annulus {146} in'a second mode of
operation.

A A complstion apparatus according to claim 3,
wherssin the pressurization assembly (206) com-
prisas a sacond port (264a,284b) and a sealing sub
{254) cperativoly couplad with the second port
(2642a,2684b) for rolloving pressura in the annulus
{148) whon the first and second packing assemyles
(202,204) are seated against the liner (122).

6. A completion apparatus according to clalm 3 or 4,
wherein the hydraulic pressurization of the annulus
{146) causes a portion of tha liner (122) botween
the first packing assambly (202} and the sacond
packing assembly (204) to deform in a radially out-
ward direction.

6. A completion apparatus according toclaim 3, 4 or

p e s
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5, whersin the fluid bypass dovice comprises a rup-
ture disk (262a,262b).

7. Acompletion apparatus according to any praceding
ciaim, wherein the liner (122) is adaptod to bo dis-
posad within a junction (100) between a main well-
bore (102} and a kleral wollbore (104) in & mullitat-
orat well.

6. A complation apparatus according to any preceding
ctaim, whorein the firat and sacond packing assem-
blies (202,204} comprisa scal assemblies that mate
with polished bore receptacies {144) located in the
Tner (122).

9. Acompletion apparatus according 10 any preceding
ctaim, whereln the first and second packing assem-

blies (202,204) comprise packers.

10. A complation apparatus acconding 1o any preceding
claim, wheroin ai isasi a portion of the finer {122)
has grooved intemal and extena) surfaces.

11. A comptletion apparatus acconding 10 any preceding
claim, wherein al easi a porion of the finer (122)
has an interior cross-section made from & generally
non-elastomeric material and an exterior ¢ross-
section mada from a generally alastomeric material,

12, Acompletion apparatus rding to any praceding
claim, wherain the welbore is a latoral weilbore
{104).

13, Amesthod of completing a weibore, comprising the
staps of: disposing a linor (122) in a weibors; cou-
pling a first packing assembly (202). a pressuriza-
tion assembly (206), and a second packing assom-
by (204) to a work string (128), running the work
string (128) into the liner (122); croating a Muid tght
saal between the first packing aasambly (202) and
the Ener (122); crealing a fluld tight saal betwoen
the second packing assambly (204) and the liner
{122); pumping fluid down the work string to the
prossurization assemnbly (208); utilizing the pree-
suttzation assembly (206) and the fluid to prassu-
rize an annulus (146) definod by the pressurtzation
assombly (206), he nas (122), tha first packing as-
sombly (202), and the second packing assambly
(204); and Increasing a pressura in the annulus
{146) 80 as ta deform the finer (122) in a radially
outward direction.

14. A mathod according to clatm 13, wherein the wiifiz-
Ing stop comprises actuating a fuid bypass device

in the pressuwrization assembly {206) to provide a

fuid communicating path betweon an interior of the
pressurization assembly (206) and the annulus
(146).

0
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15. A method according to ciaim 13 of 14, whersin tha
fint and second packing assemblies (202,204)
comprise saal assembiies that mate with polished
bore Jes (144) located In the fner (122),

18. Amethod according to clalm 13, 14 or 15, wherein
the first and sacond packing assamblies (202,204)

comprise packers.

.17. A methed according to claim 13, 34, 15 or 16,

wherein at least & portion of the liner (122) has
grooved Intemnal and external surfaces.

18. A mathod according to any one of ciaims 1310 1-7.
further comprising the stap of fluidly seaiing the
work string (128) proximats the first packing assam-
biy (202).

18, A method acconding to any one of claime 1310 18,
whotain the step of disposing the ner (122) com-
prises: coupling the Bner (122) toan end of the work
ttring (128); and running the work stving {128) inle
the welbore.

20. Amethod according o claim 18, furthor comprising
the step of disposing a scelant (124) in a sscond
annulus dafined by the lines {122) and the wellbors.

21, Amethod according to claim 20 whersin the step of
disposing asalant 124) comgrises purmping seatant
through the work string (128), the second packing
assombly {204), the pressurization assembly {20€),
the firsl packing assembly (202), and the liner {122),
and into the second annukss.

- 22. Amethod according 10 any one of claims 1310 21,

wheroin ot least a portion of the finer (122) has an
Tntarior cross-section made from a genorally non-
elastomeric malerial, and an extorior cross-section
mada from a generally elastomeric material

23. Amethad acconding to any one of claims 13 to 22,
wharoin the disposing step comprises cispoaing the
Jiner (122) In & junction (100) batweon a main well-
bore (102) and a fateral wellbora (104).

24, A mothod acoording to claim 23, wheroin the run-
ning stop comprises running the work string (126)
into the liner (122) untll the first packing assembly
(202) is disposod after the junction (100) and the
second packing assembly (204) Is disposad bafore
the junction (100).

25. Amethod of comptating a wellbore, comprising tha
slops of: disposing a Tiner (602) in & welbors, the
finer (502) having a first section (604) and a sacond
saction (606), the first section (604) being defonm-
able in a radially outward diraction at a lowes pros-



17 EP 0 927 861 A2 18

sure than the second section (E0E); coupling &
packing assembly (600) to a work siring (128); run-
ning the work string (128) into the {iner (128); cre-
ating a fluid tight seal between the packing assem-
bly and the liner (602); pumping fluld down the work
string (128) to pressurize an interior .of the liner
(502) aftor the packing assembly (600), and in-
creasing a prassure in the interior of the liner (602)
#0 a3 to deform the first saction (604) of the Ener
(602) in a radially outward dirsction.

26. A method according to claim 25, wherein the first
saction (604) and the second section (604) are
made from an identical casing grada, and the first
soction (604} has a smaller wall thicknesas than the
second saction.

27. A method according lo claim 25, wherein the first
secilon and the second section (604,606) have an
identical wall thiciness, the first section (604) Is
made from a first casing grade, and the second sec-
tion (505) is made from a second casing grade hav-
Ing & yield strength higher than the firel casing
grada, .

28, A method according to claim 25, wharein: the first

soction (604) Is made from a first casing grade and

_ has a first wall thickness; and the second section

(606) is mada from a second casing grade having

2 higher yield strangth than the first casing grada,

and the second saction (606) has a second wall
thickneas greater than the first wall hicknoss.

29. A method according 1o any one of claims 25 10 28,
whersin the packing assombly (500) comprises a
saa! assambly that mates with a polished bore 1e-
coptacia (510) located in the finer {(600). .

30. A mothod acconding lo any ans of claims 25 t0 29,
whorein the packing assembly (602) comprises a
packer.

31. A mothod acconding to any ons of claims 25 1o 30,
wherein at least a portion of the first section (604)
of the tner {602) has grooved ntemnal and extemal
surfaces,

32. A methed according to any one of claims 25 to 31,
whaoreln the step of disposing the lines (602) com-
prises: coupling the liner (602) 10 an ond of the werk
slring {128); and sunning the work slring (128) into
the wollbore.

33, A mathod according o any one of claims 25 to 32,
further comprsing the slep of disposing a sealant
{124) in an annulus defined by the liner (602) and
tha wellbore.

5

34. A method according to claim 33, wherein the step

of disposing sealant {124) comprises pumping seal-
ant through tho work string (128), the packing as-
sembly (500), and the liner (602), and into the an-
nulus.

. A method according to any one of claims 25 to 34,

wherein the first section (604) has an interior crogs-
sactlon mada from a generally non-clastomeric ma-
torial, and an exterior cross-section made {rom a
genoraly olastomeric material.

36. A method according to any one of claims 25 1o 35,

wherein the disposing step comprises disposing the
iner (802) In a junction (102) botween a main well-
bore {102) and a laloral wellbore (104) so that the
first saction (604) extends thrcughout the junction
{100).

20 37. Amethod according bo claim 36, whersin the run-

10

ning step compriaas running the work string (128}
into the tinar (602) until the packing assembly (600)
is disposed before the juncticn (G00).
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